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@  Image  fixing  rotatable  member  and  image  fixing  apparatus  with  same. 

(g)  A  rotatable  member  for  image  fixing  includes  an  elastic 
layer;  and  a  resin  layer  formed  on  the  elastic  layer  by  applying 
resin  material  and  sintering  it;  and  wherein  the  elastic  layer 
contains  resin  material. 
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Description 

IMAGE  FIXING  ROTATABLE  MEMBER  AND  IMAGE  FIXING  APPARATUS  WITH  SAME 

FIELD  OF  THE  INVENTION  RELATED  ART 

The  present  invention  relates  to  an  image  fixing 
rotatable  member  and  an  image  fixing  apparatus 
having  the  same,  usable  with  an  electrophotographic 
apparatus  or  the  like  to  fix  an  unfixed  image,  more 
particularly  to  the  image  fixing  rotatable  member 
having  an  elastic  layer  and  a  resin  layer. 

An  image  fixing  rotatable  member  has  been 
proposed  which  comprises  an  elastic  layer  of 
silicone  rubber  or  the  like  and  a  resin  layer  of  fluorine 
resin  or  the  like  applied  and  sintered  thereon,  which 
exhibits  good  elasticity  and  parting  characteristics, 
and  therefore,  which  is  particularly  suitable  for  a  high 
speed  image  fixing  apparatus,  as  disclosed  in  U.S. 
Serial  Nos.  793,546,  831  ,729,  877,849  and  094,418. 

The  image  fixing  rotatable  member  of  this  type  has 
a  very  thin  and  pure  resin  layer  on  the  elastic  layer, 
so  that  the  image  fixing  properties  and  releasing  or 
parting  properties  are  good. 

However,  when  the  image  fixing  operation  is 
repeated  with  this  rotatable  member,  it  has  been 
found  that  the  resin  layer  is  peeled  off  the  elastic 
layer  although  the  surface  resin  layer  itself  and  the 
elastic  layer  itself  are  still  sufficient  for  image  fixing 
operation,  with  the  result  that  the  image  fixing 
rotatable  member  has  to  be  exchanged. 

SUMMARY  OF  THE  INVENTION 

Accordingly,  it  is  a  principal  object  of  the  present 
invention  to  provide  an  image  fixing  rotatable 
member  and  an  image  fixing  apparatus  having  the 
same,  in  which  the  resin  layer  sticks  more  to  the 
elastic  layer,  by  which  the  service  life  thereof  is  long. 

It  is  another  object  of  the  present  invention  to 
provide  an  image  fixing  apparatus  in  which  the  good 
image  fixing  operations  are  stably  performed  for  a 
long  period  of  time. 

These  and  other  objects,  features  and  advantages 
of  the  present  invention  will  become  more  apparent 
upon  a  consideration  of  the  following  description  of 
the  preferred  embodiments  of  the  present  invention 
taken  in  conjunction  with  the  accompanying  draw- 
ings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  sectional  view  of  an  image  fixing 
apparatus  according  to  an  embodiment  of  the 
present  invention. 

Figure  2  is  an  enlarged  sectional  view  of  a 
part  of  an  image  fixing  rotatable  member 
according  to  the  embodiment  of  the  present 
invention. 

Figure  3  is  a  sectional  view  of  an  example  of 
an  apparatus  for  manufacturing  the  image  fixing 
rotatable  member  according  to  the  embodi- 
ment  of  the  present  invention. 

Figures  4  and  5  are  enlarged  sectional  views 

of  image  fixing  rotatable  member  according  to 
other  embodiments  of  the  present  invention. 

5 
DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

The  preferred  embodiments  of  the  present  inven- 
10  tion  will  be  described  in  conjunction  with  the 

accompanying  drawings  wherein  the  elements  hav- 
ing  the  corresponding  functions  are  assigned  the 
same  reference  numerals. 

Referring  to  Figures  1  and  2,  there  are  shown  an 
15  image  fixing  apparatus  and  a  roller  therefor  accord- 

ing  to  an  embodiment  of  the  present  invention. 
In  Figure  1,  a  heating  roller  1  is  adapted  to  contact 

with  a  toner  image  T  to  be  fixed  and  includes  a 
heating  source  such  as  a  halogen  heater  therein.  A 

20  back-up  roller  10  for  pressing  the  toner  image  T  to 
the  heating  roller  1  is  provided.  The  heating  roller  1 
and  the  back-up  roller  10  constitutes  a  nip  therebet- 
ween,  through  which  a  recording  sheet  P  supporting 
an  unfixed  toner  image  T  is  passed,  whereby  the 

25  toner  image  T  is  fixed  by  the  heat  and  pressure. 
The  heating  roller  1  and  the  back-up  roller  10  have 

similar  structures,  and  each  comprises  a  core 
metal  2  or  12,  an  elastic  layer  4  or  14,  and  a  resin 
layer  6  or  16. 

30  The  image  fixing  apparatus  further  comprises  a 
temperature  detecting  and  control  means  G  for 
detecting  the  surface  temperature  of  the  heating 
roller  1  and  for  maintaining  the  surface  temperature 
at  an  optimum  toner-fusing  temperature,  for 

35  example,  160-200  °C,  and  an  offset  preventing 
liquid  applying  means  C  for  applying  off-set  prevent- 
ing  liquid  such  as  silicone  oil  on  the  surface  of  the 
heating  roller  1  and  for  cleaning  the  surface  of  the 
heating  roller  1. 

40  The  core  metal  2  of  the  heating  roller  1  is  made  of 
a  material  having  good  thermal  conductivity  such  as 
aluminum,  and  the  elastic  layer  4  is  made  of  silicone 
rubber  exhibiting  good  elastic  properties.  The  elastic 
layer  has,  in  this  embodiment,  a  layer  thickness  tia 

45  of  0.3  -  0.8  mm  (Figure  1  )  and  an  impact  resilience  of 
65  -  85  o/o.  The  resin  layer  6  is  of  fluorine  resin  such 
as  PFA  (copolymer  of  tetrafluoroethylene  resin  and 
perfluoroalkoxyethylene  resin)  and  PTFA  resin  (te- 
trafluoroethylene  resin)  exhibiting  good  parting 

50  properties.  In  this  embodiment,  the  resin  layer  has  a 
layer  thickness  t.3  of  10  -  25  microns  (Figure  1),  and 
the  film  strength  is  not  less  than  50  kg/cm2. 

On  the  other  hand,  the  pressing  roller  10  has  a 
structure  similar  to  the  heating  roller  1.  The  core 

55  metal  12  is  made  of  stainless  steel  or  iron.  The 
thickness  t3  of  the  silicone  rubber  elastic  layer  14 
(Figure  1)  is  larger  than  that  of  the  heating  roller,  for 
example,  4-10  mm.  The  impact  resilience  thereof  is 
65  -  85  %.  The  resin  layer  16  is,  similarly  to  the  resin 

60  layer  of  the  heating  roller  1  ,  made  of  fluorine  resin 
such  as  PFA  and  PTFE.  The  thickness  t4  (Figure  1) 
thereof  is  5-35  microns,  and  the  film  strength 
thereof  is  not  less  than  50  kg/cm2. 

2 
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Each  of  the  heating  and  pressing  rollers  1  and  10 
has  a  symmetricity  about  a  center  in  the  direction  of 
the  length  thereof,  and  preferably  each  of  them  has  a 
reverse-crowned,  by  which  the  diameter  in  the 
central  portion  is  slightly  smaller  than  those  at  the 
longitudinal  end  portions. 

According  to  this  embodiment,  each  of  the 
heating  roller  1  and  the  pressing  roller  10  has  the 
elastic  layer  4  or  14  and  the  resin  layer  6  or  16.  The 
silicone  rubber  is  used  for  the  elastic  layer  4  or  14, 
and  fluorine  resin  is  mixed  and  dispersed  in  the 
silicone  rubber.  By  using  such  a  silicone  rubber  layer 
for  the  elastic  layer,  an  image  fixing  roller  exhibiting 
sufficient  image  fixing  properties,  durability  and 
parting  properties.  The  description  will  be  made, 
hereinafter,  as  to  results  of  experiment  with  exam- 
ples  wherein  the  image  fixing  roller  is  used  in  the 
image  fixing  apparatus  according  to  embodiments  of 
the  present  invention,  and  as  to  results  of  compari- 
son  examples  wherein  the  present  invention  is  not 
incorporated  and  wherein  the  elastic  layer  is  made  of 
silicone  rubber  without  resin  material  mixed  there- 
into. 

In  the  experiments,  an  aluminum  core  metal  2  is 
prepared  for  the  heating  roller  1,  and  it  has  been 
finished  such  that  the  outer  diameter  at  the  central 
portion  1  is  58.3  mm  with  an  amount  of  the 
reverse-crown  of  150  microns,  and  the  thickness 
thereof  is  6.5  mm.  The  surface  thereof  is  sand- 
blasted  to  be  degreased  and  then  dried.  During  the 
production,  a  primer  has  been  applied  on  the  surface 
of  the  core  metal.  It  is  then  wrapped  with  a 
vulcanizable  type  silicone  rubber  sheet  into  which 
PTFE  particles  having  a  particle  size  of  not  more 
than  1  micron  (preferably  not  more  than  0.5  micron) 
are  mixed  and  dispersed  at  the  time  of  kneading 
(5-30  0/0  by  weight  relative  to  silicone  rubber 
(100  %)).  It  is  press-vulcanized  for  30  minutes  at  160 
°C,  and  thereafter,  it  was  machined  to  the  rubber 
thickness  of  0.5  mm,  by  which  a  silicone  rubber  roller 
is  produced.  The  silicone  rubber  layer  thus  pro- 
duced  is  coated  with  PTFE  dispersion  in  a  thickness 
of  20  microns  by  spray.  The  PTFE  resin  is  sintered  by 
a  sintering  method  by  which  the  silicone  rubber 
roller  is  not  heat-deteriorated  too  much.  The  sinter- 
ing  method  will  be  described  hereinafter. 

The  back-up  roller  10  is  produced  in  the  manner 
similar  to  that  for  the  heating  roller  1  .  The  core  metal 
12  is  made  of  iron,  but  the  same  materials  are  used 
for  the  elastic  layer  14  and  the  resin  layer.  The  layer 
thickness,  however,  of  the  elastic  layer  14  is  6  mm, 
and  that  of  the  resin  layer  is  25  microns.  The  outside 
diameter  of  the  roller  is  the  same  as  the  heating 
roller  1. 

Example  1 

Experiments  were  carried  out  with  the  heating 
roller  1  and  the  back-up  roller  10  described  above 
with  respect  to  image  fixing  properties,  parting 
properties,  bonding  properties  and  durability.  The 
surface  temperature  of  the  heating  roller  1  was 
maintained  at  180  °C.  The  sheets  having  A4  size 
(JIS)  were  processed  at  a  process  speed  of  200 
mm/sec,  30  sheets/min.  The  image  fixing  properties 

were  evaluated  in  the  following  manner. 
Nine  solid  black  circle  images  having  a  diameter  of 

24  mm  were  formed  on  an  A4  size  (JIS)  sheet  having 
a  basic  weight  of  80  g/m2  under  the  temperature  of 

5  10  °C.  The  image  density  is  expressed  by  DO.  The 
image  was  rubbed  by  non-woven  fabric  under  the 
pressure  of  40  g/cm2  through  ten  reciprocations. 
The  used  non-woven  fabric  was  "Kojin  Wiper", 
available  from  Kabushiki  Kaisha  Kojin,  Japan  (called 

10  "paper  waste",  trade  name)  having  a  softness  like 
tissue  paper  and  rough  surface  like  the  grain  of 
wood  and  having  a  crape  retio  of  32  ±3  o/o,  a  weight 
of  35±3  g/m2,  a  tensile  strength  (longitudinal 
direction)  of  0.4  kg/15  mm  or  more,  and  a  thickness 

15  of  200  microns,  which  is  disposable.  The  image 
density  after  the  rubbing  is  expressed  as  D1,  the 
fixing  ratio  is  determined  by  (D1/D0)  x  100  (o/o). 

The  image  densities  D1  and  DO  were  measured  by 
a  MacBeth  reflection  type  image  density  meter.  The 

20  image  density  DO  was  controlled  so  as  to  be  not  less 
than  1.0  and  not  more  than  1.1.  The  parting 
properties  were  determined  by  a  method  wherein  a 
whole  surface  solid  black  image  was  formed  and 
fixed  continuously  on  100  transfer  sheets  of  the 

25  same  type  under  the  same  conditions,  and  there- 
after,  a  white  sheet  was  passed  through  the  fixing 
apparatus,  and  then,  the  contamination  of  the  white 
sheet  was  observed. 

The  bonding  strength  between  the  fluorine  resin 
30  layer  and  the  rubber  layer  was  determined  in  the 

following  manner.  The  fluorine  resin  was  partily 
peeled  with  a  width  of  10  mm,  and  a  tension  gauge 
having  a  full  scale  of  100  -  300  g  was  mounted.  The 
fluorine  resin  layer  was  peeled  90  degrees  in  the 

35  circumferential  direction,  and  the  read  of  the  tension 
gauge  was  deemed  as  the  bonding  strength.  At  this 
time,  the  surface  temperature  of  the  heating  roller 
was  maintained  at  200  °C. 

The  following  is  the  results  of  the  evaluation  of  the 
40  fixing  property,  parting  property,  bonding  strength 

and  the  durability  of  the  heating  roller  in  the  first 
example: 
Fixing  property  ...  85  %  at  the  worst  portion 
92  o/o  on  the  average  (9  points) 

45  Parting  property  ...  no  contamination 
Bonding  strength  ...  130  g/10  mm 
Durability  ...  Heating  roller:  the  PTFE  coating  was 
partly  peeled  at  a  position  corresponding  to  the 
separation  pawl  when  350,000  sheets  were  pro- 

50  cessed. 
Back-up  roller:  the  PTFE  coating  was  partly  peeled 
at  a  position  corresponding  to  a  side  of  the  sheet 
when  280,000  sheets  were  processed. 

As  will  be  understood,  it  has  been  confirmed  that 
55  both  of  the  rollers  have  sufficiently  practical  proper- 

ties. 
Then,  a  comparison  example  1  will  be  described 

wherein  the  fluorine  resin  is  not  mixed  into  the 
silicone  rubber  layer,  that  is,  the  elastic  layer,  and 

60  then,  the  reason  why  the  advantages  are  provided 
according  to  this  invention  will  be  described. 

Comparison  Example  1 

65  The  heating  roller  and  the  back-up  roller  were 

3 
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produced  in  the  similar  manner  as  in  the  first 
embodiment,  but  the  resin  material  was  not  mixed 
into  the  silicone  rubber  layer  used  as  the  elastic 
layer.  The  fixing  property,  the  parting  property,  the 
bonding  strength  and  the  durability  were  evaluated 
under  the  same  conditions  as  in  the  Example  1  . 
Fixing  property  ...  85  o/o  at  worst 
93  o/o  on  the  average  (9  points) 
Parting  property  ...  no  contamination 
Bonding  strength  ...  85  g/10  mm 
Durability  ...  Heating  roller:  PTFE  coating  was  partly 
peeled  at  the  position  corresponding  to  the  pawl 
when  110,000  sheets  were  processed. 
Back-up  roller:  the  PTFE  coating  was  partly  peeled 
at  the  position  corresponding  to  a  side  edge  of  the 
sheet  when  80,000  sheets  were  processed. 

As  will  be  understood  from  comparison  of  those, 
the  fixing  property  and  the  parting  property  of  the 
Comparison  Example  1  are  equivalent  to  those  of  the 
Example  1  of  the  present  invention  in  the  heating  and 
pressing  rollers,  but  the  bonding  strength  and  the 
durability  are  inferior  thereto.  The  reason  for  this  is 
considered  as  being  that  in  the  first  example  of  the 
present  invention  the  PTFE  particles  are  dispersed 
and  mixed  in  the  silicone  rubber  layer  of  each  of  the 
rollers,  and  therefore,  the  PTFE  resin  particles 
adjacent  to  the  surface  portion  of  the  silicone  rubber 
layer  are  fused  in  the  sintering  operation  and  are 
fused  with  the  PTFE  layer  of  the  resin  layer,  whereby 
very  close  bonding  state  is  formed  between  the 
PTFE  layer  and  the  silicone  rubber  layer,  thus 
increasing  the  bonding  strength. 

In  the  heating  and  the  back-up  rollers  in  the  first 
example  of  the  present  invention,  the  amount  of  the 
PTFE  particles  mixed  into  and  dispersed  in  the 
silicone  rubber  is  such  that  the  particles  do  not 
deteriorate  the  property  of  the  silicone  rubber 
(hardness,  impact  resilience).  Since  such  an  amount 
is  sufficient  to  the  increase  of  the  bonding  strength, 
and  therefore,  it  is  not  necessary  to  accept  deterior- 
ation  of  the  fixing  property  and  the  parting  property. 

Particularly,  the  advantageous  effects  are  pro- 
vided  when  the  particle  size  of  the  PTFE  particles  is 
not  more  than  1  micron,  further  preferably,  not  more 
than  0.5  micron,  and  the  content  by  weight  of  the 
particles  is  5  -30  o/o  relative  to  silicone  rubber 
(100  o/o).  This  is  because  the  specific  surface  area  of 
the  PTFE  particles  becomes  large  with  decrease  of 
the  particle  size  of  the  PTFE  particles,  and  also  the 
bonding  strength  with  the  silicone  rubber  becomes 
stronger  therewith,  and  because  the  PTFE  particles 
are  uniformly  dispersed  in  the  silicone  rubber  so  that 
the  tolerable  range  of  the  amount  of  the  PTFE 
particles  becomes  large.  As  regards  the  upper  and 
lower  limits  of  the  amount  of  dispersed  PTFE 
particles,  if  it  is  too  small,  the  sufficient  bonding 
strength  is  not  provided,  and  if  it  is  too  large,  on  the 
contrary,  the  property  of  the  rubber  (elasticity, 
elongation,  tensile  strength  or  the  like)  are  remark- 
ably  deteriorated  with  the  result  that  it  does  not 
perform  sufficient  function  as  the  fixing  roller. 

Here,  the  sintering  method  for  the  resin  layer  of 
the  heating  roller  and  the  back-up  roller  will  be 
described. 

As  for  methods  of  sintering  the  resin  layer  without 

extreme  heat-deterioration  of  the  silicone  rubber 
roller  after  PTFE  dispersion  or  the  like  is  sprayed  and 
applied  on  the  silicone  rubber  layer,  the  surface 
PTFE  layer  is  quickly  heated  (for  example,  the  PTFE 

5  layer  is  heated  up  to  above  380  °  C  for  not  more  than 
15  min.)  while  the  rubber  layer  is  quickly  cooled 
(water-cooled  or  air-cooled)  from  the  inside  of  the 
core  metal,  or  the  use  is  made  with  dielectric  heating 
utilizing  the  fact  that  dielectric  loss  tangent  of  the 

10  liquid  PTFE  dispersion  per  se  is  larger  than  the 
dielectric  loss  tangent  of  the  rubber  layer. 

Figure  3  shows  an  example  of  the  apparatus 
usable  for  the  sintering  using  the  dielectric  heating. 
In  this  apparatus,  both  of  the  dielectric  heating  and 

15  an  external  infrared  heating  are  employed.  The 
apparatus  comprises  a  magnetron  105,  a  wave  guide 
106  for  guiding  a  high  frequency  wave  (950 
MHz  -  2450  MHz)  produced  by  the  magnetron  105, 
an  openable  resin  container  102  connected  to  the 

20  wave  guide  106  and  having  a  high  frequency  wave 
reflecting  plate  103  of  a  metal  on  the  inside  thereof 
and  upper  and  lower  infrared  lamp  1  1  1  with  shade  for 
externally  heating  with  infrared  rays.  The  magentron 
105  and  the  infrared  lamp  111  are  controlled  by 

25  control  means  110. 
In  this  Figure,  the  heating  roller  1  is  shown  as  an 

example.  Since  the  heating  roller  1  includes  the 
silicone  rubber  layer  4  in  the  inside  and  a  fluorine 
resin  coating  layer  6  on  the  surface,  the  high 

30  frequency  energy  is  absorbed  more  by  the  fluorine 
resin  coating  layer  6  since  it  has  a  larger  dielectric 
constant  than  the  silicone  rubber  layer  4.  Therefore, 
the  fluorine  resin  layer  is  quickly  heated  in  the 
constant  temperature  container  by  the  high  fre- 

35  quency  wave  and  the  infrared  rays,  and  is  completely 
sintered  by  the  heating  for  15  min.  to  340  °C.  After 
the  sintering,  the  roller  is  quickly  cooled.  Suitable 
surface  fluorine  resin  material  is  PTFE  dispersion 
available  from  Daikin  Kabushiki  Kaisha,  Japan  tetra- 

40  fluoroethylene  resin  dispersion  D-1).  The  back-up 
roller  10  is  sintered  in  the  same  manner. 

By  using  the  dielectric  heating  in  this  manner,  the 
energy  loss  can  be  reduced,  and  the  heat  flow  into 
the  lower  elastic  layer  can  be  minimized.  The  fixing 

45  roller  1  and  the  back-up  roller  10  produced  in  the 
first  example  using  the  dielectric  heating  had  rubber 
properties  of  the  elastic  layer  4,  14  which  were 
generally  the  same  as  those  had  by  the  roller  before 
the  sintering  (impact  resilicence  or  the  like).  The 

50  surface  fluorine  resin  layer  PFA  or  PTFE  layer  6,  16 
was  completely  sintered  to  show  good  releasing 
property,  resistance  to  wear  and  the  bonding 
property  with  the  elastic  layer. 

The  second  example  of  this  invention  will  be 
55  described.  The  heating  roller  and  the  back-up  roller 

in  this  example  have  the  layer  structure  as  shown  in 
Figure  4.  Each  of  them  has  a  core  metal  2  or  12,  an 
elastic  layer  4  or  14,  a  bonding  layer  5  or  15  and  a 
resin  layer  6  or  16.  The  feature  of  this  example  is  in 

60  the  provision  of  the  bonding  layer  5  or  15  of  a  resin 
material  between  the  elastic  layer  4  or  14  and  the 
resin  layer  6  or  16.  The  bonding  layer  5  or  15  are 
made  of  a  mixture  of  PTFE  particles  and  heat-dur- 
able  resin  such  as  polyamide,  polyimide,  epoxy  or 

65  the  like  resin.  The  rollers  were  incorporated  into  the 
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mage  fixing  apparatus  in  the  same  manner  as  in  the 
irst  example. 

As  for  the  method  of  manufacturing  each  of  the 
■oilers,  liquid  provided  by  dispersing  in  a  solvent  the 
'TFE  particles  and  sheet-durable  resin  such  as 
Dolyamide  or  the  like  is  applied  as  the  bonding  layer 
Dn  the  silicone  rubber  roller  by  spray  in  the  thickness 
Df  5  microns  (heating  roller)  and  in  the  thickness  of  7 
nicrons  (the  back-up  roller),  and  it  is  air-dried  under 
■oom  temperature.  The  other  respects  are  the  same 
as  the  first  example. 

Similarly  to  the  first  example  of  the  present 
nvention  and  the  first  comparison  example,  the 
-esults  of  the  experiments  with  the  roller  containing 
the  resin  material  in  the  elastic  layer  and  a 
comparison  example  roller  having  a  silicone  rubber 
layer  without  the  resin  material  will  be  described. 

Example  2 

The  results  of  experiments  under  the  same 
conditions  as  the  first  example  are  as  follows: 
Fixing  property  ...  80  o/o  at  worst 
88  o/o  on  the  average  (9  points) 
Parting  property  ...  no  contamination 
Bonding  strength  ...  160  g/10  mm 
Durability  ...  Heating  roller:  the  PTFE  coating  was 
partly  peeled  at  a  position  corresponding  to  the  pawl 
when  410,000  sheets  were  processed. 
Back-up  roller:  the  PTFE  coating  was  partly  peeled 
at  a  position  corresponding  to  a  side  edge  of  the 
sheet  when  330,000  sheets  were  processed 

As  will  be  understood  from  the  above,  the  fixing 
property  is  slightly  inferior  to  the  first  example,  but  it 
is  practically  sufficient,  and  the  bonding  strength 
and  the  durability  are  superior  to  the  first  example. 

Comparison  Example  2 

The  heating  roller  and  the  back-up  roller  were 
produced  in  the  same  manner  as  the  above  second 
example  of  the  present  invention  with  the  exception 
that  the  resin  material  was  not  mixed  into  the 
silicone  rubber  layer.  The  results  are: 
Fixing  property  ...  80  o/o  at  worst 
87  %  on  the  average  (9  points) 
Parting  property  ...  no  contamination 
Bonding  strength  ...  95  g/10  mm 
Durability  ...  Heating  roller:  the  PTFE  coating  was 
partly  peeled  at  a  position  corresponding  to  the  pawl 
when  130,000  sheets  were  processed. 
Back-up  roller:  the  PTFE  coating  was  partly  peeled 
at  a  position  corresponding  to  a  side  edge  of  the 
sheet  when  90,000  sheets  were  processed. 

As  will  be  understood  from  the  above,  the  fixing 
property  and  the  parting  property  are  equivalent  to 
those  of  the  heating  roller  and  the  back-up  roller  in 
the  second  example,  but  the  bonding  strength  and 
the  durability  are  inferior.  Therefore,  it  has  been 
confirmed  that  even  if  the  roller  has  the  bonding 
layer,  it  is  very  effective  for  providing  the  sufficient 
bonding  strength  and  durability  to  mix  the  fluorine 
resin  into  the  elastic  layer.  The  reason  for  those 
advantageous  effects  is  considered  as  being  that 
the  PTFE  particles  in  the  silicone  rubber  layer  are 

fused  with  the  PTFE  particles  in  the  bonding  layer 
when  the  resin  layer  is  sintered,  and  further,  the 
PTFE  particles  in  the  bonding  layer  and  the  PTFE 
surface  layer  are  fused  together  when  the  surface 

5  layer  is  sintered,  so  that  the  strong  bonding  can  be 
provided.  The  resin  material  (polyamide,  polyimide, 
epoxy  or  the  like  resin  material)  in  the  bonding  layer 
is  pregnated  into  the  concave  portions  of  the 
surface  of  the  silicone  rubber,  so  that  the  bonding 

10  strength  is  enhanced  under  the  influence  of  the  large 
surface  energy  than  the  fluorine  resin. 

The  roller  having  a  silicone  rubber  layer  into  which 
the  fluorine  resin  is  mixed,  and  having  a  bonding 
layer,  is  highly  durable,  and  the  fixing  property 

15  thereof  is  sufficiently  practical. 
A  third  example  of  the  present  invention  will  be 

described. 
Each  of  the  heating  roller  and  the  back-up  roller 

has  the  same  structure  as  the  above  described 
20  second  example  of  the  present  invention  (Figure  4). 

The  feature  of  this  example  is  in  the  elastic  layer  4  or 
14.  In  this  example,  when  the  silicone  rubber  as  the 
elastic  layer  4  or  14  is  kneaded,  the  resin  material 
(polyamide,  polyimide,  epoxy  or  the  like  resin 

25  material)  used  in  the  bonding  layer  or  a  highly 
heat-fusible  resin  (polypropyrene  or  the  like)  is 
mixed  into  the  silicone  rubber.  In  this  embodiment, 
polyamide  resin  particles  were  mixed  thereinto  (5  o/o 
by  weight).  This  example  is  the  same  as  the  above 

30  described  second  example  in  the  other  respect  such 
as  manufacturing  and  sintering. 

Example  3 

35  The  same  experiments  were  carried  out  for  the 
rollers  in  the  third  example.  The  results  are: 
Fixing  property  ...  77  o/o  at  worst 
84  o/o  on  the  average  (9  points) 
Parting  property  ...  no  contamination 

40  Bonding  strength  ...  185  g/10  mm 
Durability  ...  Heating  roller:  the  PTFE  coating  was 
partly  peeled  at  a  position  corresponding  to  the  pawl 
when  490,000  sheets  were  processed. 
Back-up  roller:  the  PTFE  coating  was  partly  peeled 

45  at  a  position  corresponding  to  a  side  edge  of  the 
sheet  when  360,000  sheets  were  processed. 

As  will  be  understood,  the  fixing  property  is 
slightly  inferior,  but  it  is  still  above  a  practical  level 
and  the  bonding  strength  and  the  durability  are 

50  remarkably  improved. 
The  reason  for  this  is  considered  as  being  that  the 

resin  material  in  the  silicone  rubber  layer  is  fused  at 
the  time  of  the  sintering  operation,  and  are  fused 
with  the  resin  material  in  the  bonding  layer,  so  that 

55  the  very  strong  bonding  can  be  provided. 
As  regards  the  comparison  example  to  be 

compared  with  the  Example  3  should  be  the  same  as 
the  Comparison  Example  2. 

A  fourth  example  of  the  present  invention  will  be 
60  described.  Each  of  the  heating  and  back-up  rollers  in 

this  example  has  the  same  layer  structure  as  the 
above-described  Examples  2  and  3  (Figure  4).  The 
feature  of  this  example  is  in  the  bonding  layer  5  or  15 
which  is  made  of  a  mixture  of  water  soluble  fluorine 

65  rubber  and  PFA  or  PTFE  fluorine  resin.  As  regards 
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the  elastic  layer  4  or  14,  the  PTFE  particles  are 
mixed,  similarly  to  the  second  example.  This 
example  is  the  same  as  the  above-decribed 
Example  2  in  the  other  respect  such  as  sintering. 

Example  4 

The  same  experiments  were  performed  with  the 
fourth  example  of  the  present  invention.  The  results 
are: 
Fixing  property  ...  83  o/o  at  worst 
90  o/o  on  the  average  (9  points) 
Parting  property  ...  no  contamination 
Bonding  strength  ...  150  g/10  mm 
Durability  ...  Heating  roller:  the  PTFE  coating  was 
partly  peeled  at  a  position  corresponding  to  the  pawl 
when  390,000  sheets  were  processed. 
Back-up  roller:  the  PTFE  coating  was  partly  peeled 
at  a  position  corresponding  to  a  side  edge  of  the 
sheet  when  330,000  sheets  were  processed. 

As  will  be  understood  from  the  above,  the  fixig 
property  is  very  good,  and  as  good  as  that  of  the 
rollers  without  the  bonding  layer.  It  has  been 
confirmed  that  the  bonding  strength  and  the 
durability  are  improved. 

Comparison  Example  3 

The  same  experiments  were  performed  with  the 
heating  roller  and  the  back-up  roller  similar  to  the 
Example  4  of  the  present  invention  but  without  the 
resin  material  mixed  into  the  silicone  rubber  layer. 
The  results  are: 
Fixing  property  ...  83  %  at  worst 
91  o/o  on  the  average  (9  points) 
Parting  property  ...  no  contamination 
Bonding  strength  ...  90  g/10  mm 
Durability  ...  Heating  roller:  the  PTFE  coating  was 
partly  peeled  at  a  position  corresponding  to  the  pawl 
when  130,000  sheets  were  processed. 
Back-up  roller:  the  PTFE  coating  was  partly  peeled 
at  a  position  corresponding  to  a  side  edge  of  the 
sheet  when  90,000  sheets  were  processed. 

From  the  results  of  the  Example  4  and  the 
Comparison  Example  3,  it  is  understood  that  the 
existence  of  the  resin  material  in  the  elastic  layer  is 
preferable  when  the  bonding  layer  is  of  a  mixture  of 
the  rubber  material  and  the  resin  material. 

The  reason  for  this  is  considered  as  being  that  a 
strong  bonding  strength  is  not  provided  between 
rubber  materials  once  the  rubber  materials  have 
been  vulcanized,  and  the  strong  bonding  strength  is 
provided  by  the  fusing  of  the  resin  material  dis- 
persed  in  the  rubber  layer  and  the  resin  material  in 
the  bonding  layer  at  the  time  of  the  sintering. 

Also,  it  is  considered  that  since  the  bonding  layer 
is  of  a  mixture  of  the  rubber  material  and  the  resin 
material  in  Example  4,  the  degree  of  the  reduction  of 
the  elasticity  of  the  elastic  layer  due  to  the  exitence 
of  the  bonding  layer  is  reduced,  so  that  the  fixing 
property  is  equivalent  to  that  of  the  roller  without  the 
bonding  layer. 

In  the  foregoing  description,  a  heat  fixing  appara- 
tus  has  been  taken  as  an  example  of  a  preferable 
application  to  a  fixing  rotatable  member.  However, 

the  present  invention  is  applicable  to  a  pressure 
fixing  apparatus  or  the  like  wherein  the  toner  image 
is  fixed  by  a  light  pressure,  or  wherein  the  image  is 
fixed  simultaneously  with  image  transfer.  In  the 

5  foregoing  description,  the  fixing  apparatus  includes 
two  rollers,  but  it  may  comprise  three  or  more 
rollers. 

In  addition,  the  rotatable  member  is  not  limited  to 
a  roller  but  may  be  in  the  form  of  a  belt. 

10  In  the  image  fixing  apparatus  according  to  the 
foregoing  embodiments,  both  of  the  heating  and 
back-up  rollers  have  the  structure  of  the  present 
invention.  However,  the  advantageous  effects  are 
provided  even  if  the  present  invention  is  applied  to 

15  only  one  of  them. 
A  further  embodiment  of  the  present  invention  will 

be  described. 
Figure  5  is  a  partly  enlarged  sectional  view  of  a 

roller  for  image  fixing  usable  with  an  image  fixing 
20  apparatus  described  in  conjunction  with  Figure  1  . 

Each  of  the  heating  roller  1  and  the  back-up  roller 
10  has  a  similar  structure,  more  particularly,  it 
comprises  a  core  metal  2  or  12,  a  first  elastic  layer 
41,  141,  a  second  elastic  layer  51,  151  and  a  surface 

25  resin  layer  6  or  16.  The  first  elastic  layer  41  or  141  is 
made  of  a  good  thermal  conductivity  material,  and 
the  second  elastic  layer  51  or  151  is  made  of  a  good 
thermally  insulative  material  to  which  resin  material  is 
mixed. 

30  The  core  metal  2  of  the  heating  roller  1  is  made  of 
a  material  having  good  thermal  conductivity  such  as 
aluminum,  and  the  first  elastic  layer  41  made  of 
fluorine  rubber  or  silicone  rubber  on  the  core  metal 
2.  The  first  elastic  layer  41  has,  in  this  embodiment,  a 

35  thermal  conductivity  of  not  less  than  0.8x1  0~3 
cal.cm/sec.cm2.°C  and  a  layer  thickness  of  0.3  -  2.0 
mm.  On  the  first  elastic  layer  41,  a  second  elastic 
layer  51  having  a  smaller  thickness  than  the  first 
elatic  layer  is  formed.  The  second  elastic  layer  51,  in 

40  this  embodiment  has  a  thermal  conductivity  of  not 
more  than  0.4x10~3  cal.cm/sec.cm2.°C  and  a  layer 
thickness  of  0.05  mm  -0.5  mm. 

Then,  on  the  second  elastic  layer  51  ,  a  resin  layer  6 
having  a  further  smaller  thickness,  that  is,  smaller 

45  than  the  second  elatic  layer  is  formed.  The  resin 
layer  6  is  made  of  fluorine  resin  such  as  PFA  resin 
(copolymer  of  tetrafluoroethylene  resin  and  perfluo- 
roalkoxyethylene  resin),  PTFE  resin  (tetrafluo- 
roethylene  resin).  The  resin  layer  16  has  a  layer 

50  thickness  of  5  -  35  microns  and  a  film  strength  of  not 
less  than  50  kg/cm2. 

On  the  other  hand,  the  pressing  roller  10  has  a 
structure  similar  to  the  heating  roller  1.  The  core 
metal  12  is  made  of  stainless  steel  or  iron.  The  first 

55  elastic  layer  141  is  made  of  fluorine  rubber  or 
silicone  rubber.  The  first  elastic  layer  141  has,  in  this 
embodiment,  a  thermal  conductivity  of  not  less  than 
0.8x10"3  cal.cm/sec.cm2.°C  and  a  layer  thickness  of 
3-10  mm.  On  the  first  elastic  layer  141,  the  second 

60  elastic  layer  151  having  a  thickness  smaller  than  the 
first  elastic  layer  is  formed.  The  second  elastic  layer 
151  has,  in  this  embodiment,  a  thermal  conductivity 
of  not  more  than  0.4x1  0̂ 3  cal.cm/sec.cm2.°C  and  a 
layer  thickness  of  0.01  -  0.5  mm.  On  the  second 

65  elastic  layer  151,  a  resin  layer  16  having  a  further 
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smaller  thickness,  that  is,  smaller  than  the  thickness 
of  the  second  elastic  layer,  is  formed.  The  resin  layer 
16  is  made  of  fluorine  resin  material  such  as  PFA 
resin  and  PTFE  resin.  In  this  embodiment,  the  resin 
layer  16  has  a  layer  thickness  of  5  -  35  microns,  a  film 
strength  of  not  less  than  50  kg/cm2.  Various 
experiments  have  revealed  that  the  thermal  conduc- 
tivity  of  the  first  elastic  layer  is  preferably  not  less 
than  0.8x10-3  cal.cm/sec.cm2/°C,  and  that  the 
thermal  conductivity  of  the  second  elastic  layer  is 
not  more  than  0.4x10~3  cal.cm/sec.cm2/°C.  As 
regards  the  layer  thicknesses,  good  results  are 
provided  if  the  thickness  of  the  first  elastic  layer  is 
larger  than  that  of  the  second  elastic  layer,  which  is 
larger  than  that  of  the  resin  layer.  Preferably,  the 
thickness  of  the  first  elastic  layer  is  larger  than  twice 
that  of  the  second  elastic  layer,  and  sum  of  the 
thickness  of  the  first  elastic  layer  and  the  thickness 
of  the  second  elatic  layer  is  larger  than  six  times  the 
thickness  of  the  resin  layer. 

Each  of  the  heating  roller  1  and  the  back-up  roller 
10  has  a  symmetry  about  a  longitudinal  center,  and 
preferably  the  heating  roller  1  (or  the  pressing  roller 
10)  is  reverse-crowned  in  which  the  diameter  in  the 
longitudinal  center  portion  is  slightly  smaller  than 
those  at  the  longitudinal  ends. 

The  results  of  this  example  used  in  the  heating 
roller  and  the  back-up  roller  incorporated  in  the 
image  fixing  apparatus  shown  in  Figure  1  will  be 
described. 

As  for  the  heating  roller  1,  an  aluminum  core 
metal  2  was  prepared  which  was  finished  such  that 
the  outer  diameter  at  the  central  portion  was  58.3 
mm  with  an  amount  of  the  reverse-crown  of  150 
microns,  and  the  thickness  thereof  is  6.5  mm.  The 
surface  thereof  was  sand-blasted  to  be  degreased 
and  then  was  dried.  The  core  metal  2  was  coated 
with  a  primer  and  then  was  wrapped  with  a 
vulcanizable  type  silicone  rubber  sheet  (the  thermal 
conductivity  is  1.5x10-3  cal.cm/sec.cm2/°C).  The 
thickness  thereof  was  0.35  mm.  The  non-vulcanized 
silicone  rubber  roller  is  coated  with  a  vulcanizable 
type  silicone  rubber  sheet  having  a  good  thermal 
conductivity  (0.3x1  0-3  cal.cm/sec.cm2/°C)  in  which 
PFA  particles  were  dispersed  (5  -  30  %  by  weight 
relative  to  silicone  rubber  of  100%).  Then,  it  was 
press-vulcanized  for  30  min  at  170  °C,  and  there- 
after,  a  secondary  vulcanization  was  effected  for  15 
min.  at  100  °C  and  for  30  min.  at  200  °C,  and  for  one 
hour  at  220  °C.  It  was  machined  to  provide  a  rubber 
thickness  of  0.5  mm.  The  first  elastic  layer  was  0.4 
mm  and  the  second  elastic  layer  was  0.1  mm. 

On  the  silicone  rubber  roller  thus  produced,  PFA 
particles  were  sprayed  in  20  microns  thickness,  and 
it  was  sintered  by  a  sintering  method  by  which  the 
silicone  rubber  layer  was  not  extremely  heat-dete- 
riorated.  The  back-up  roller  10  was  produced  in  the 
same  manner  as  the  heating  roller  1.  However,  the 
core  metal  12  was  made  of  iron.  The  materials  of  the 
first  and  second  elastic  layers  141  and  151  and  the 
resin  layer  16  were  the  same  as  those  of  the  heating 
roller  1.  The  layer  thicknesses  were  6  mm  in  the  first 
elastic  layer  14,  0.1  mm  in  the  second  elastic  layer  15 
and  20  microns  in  the  resin  layer  16.  The  outer 
diameter  of  the  roller  was  the  same  as  that  of  the 

heating  roller  1. 
With  the  heating  roller  1  and  the  back-up  roller  10 

used,  the  surface  temperature  of  the  heating  roller  1 
was  maintained  at  180  °C.  The  image  fixing  oper- 

5  ation  was  continued,  and  A4  size  (JIS)  sheets  were 
processed  at  a  speed  of  200  mm/sec,  30  sheets/ 
min.  When  the  ambient  temperature  was  15  °C, 
good  image  fixing  properties  were  shown,  and  the 
production  of  the  toner  off-set  was  reduced  to  not 

10  more  than  one  fifth  the  conventional  good  image 
fixing  apparatus.  The  usable  period  of  the  cleaning 
member  was  increased  up  to  not  less  than  5  times. 
When  the  room  temperature  was  32.5  °C,  and  the 
humidity  was  85  %,  the  transfer  sheets  were  not 

15  buckled,  and  they  were  property  stacked  on  a  sorter 
or  the  like  with  very  little  curl.  The  images  were  not 
collapsed,  and  the  quality  thereof  was  high. 

Those  were  maintained  even  after  300,000  sheets 
were  fixed.  Even  after  500,000  sheets  were  fixed,  no 

20  trouble  occurred. 
In  this  example,  the  roller  includes  the  first  elastic 

layer  having  the  good  thermal  conductivity  on  the 
core  metal,  and  the  second  elastic  layer  having  a 
good  thermal  insulation  on  the  first  elastic  layer, 

25  wherein  the  second  elastic  layer  contains  resin 
materials,  and  therefore  the  second  elastic  layer  the 
heat  flows  at  the  time  of  the  resin  layer  sintering,  but 
since  the  second  elastic  layer  is  sufficiently  thermal- 
insulative,  the  thermal  damage  of  the  first  elastic 

30  layer  inside  thereof  is  eased.  In  addition,  the  resin 
material  in  the  outer  fluorine  resin  layer  and  the 
second  elastic  layer  is  fused  at  the  time  of  sintering, 
and  therefore,  they  are  fused  together  to  provide  the 
strong  bonding  therebetween.  From  this  standpoint, 

35  it  is  preferable  that  the  resin  material  in  the  second 
elastic  layer  is  the  same  as  that  of  the  outer  coating. 
The  bonding  between  the  first  elastic  layer  and  the 
second  elatic  layer  is  not  so  strong  if  the  second 
elastic  layer  is  formed  after  the  first  elastic  layer  is 

40  vulcanized.  In  this  example,  however,  the  first  elastic 
layer  and  the  second  elastic  layer  are  simultaneously 
vulcanized,  and  therefore,  the  bonding  strength 

.  therebetween  is  also  strong.  For  this  reason,  even  if 
the  thickness  of  the  second  elastic  layer  is  small, 

45  there  occurs  no  peeling  from  the  first  elastic  layer. 
In  this  example,  the  thickness  of  the  first  elastic 

layer  is  larger  than  that  of  the  second  elastic  layer, 
and  therefore,  even  if  the  second  elastic  layer  is 
deteriorated  in  the  rubber  property,  desired  rubber 

50  properties  (impact  resilience  or  the  like)  can  be 
generally  maintained  as  a  whole.  When  the  heating 
roller  1  and  the  back-up  roller  10  are  incorporated  in 
an  image  fixing  apparatus,  the  thermal  resistance 
from  the  inside  to  the  outside  is  small  due  to  the 

55  good  thermal  conductivity  of  the  first  elastic  layer.  By 
this,  the  fixing  property  and  the  durability  are  good 
enough. 

In  this  example,  the  elastic  layer  may  be  of  fluorine 
rubber,  EPDM  or  the  like,  depending  on  the  usage 

60  thereof.  Also,  the  resin  layer  may  be  of  silicone  resin 
or  the  like. 

While  the  invention  has  been  described  with 
reference  to  the  structures  disclosed  herein,  it  is  not 
confined  to  the  details  set  forth  and  this  application 

65  is  intended  to  cover  such  modifications  or  changes 
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as  may  come  within  the  purposes  of  the  improve- 
ments  or  the  scope  of  the  following  claims. 

Claims 

1.  A  rotatable  member  for  image  fixing, 
comprising:  10 
an  elastic  layer  containing  resin  material;  and 
a  resin  layer  formed  on  said  elastic  layer  by 
applying  resin  material  and  sintering  it. 

2.  A  rotatable  member  for  image  fixing, 
comprising:  15 
an  elastic  layer  containing  resin  material  ; 
a  bonding  layer  containing  resin  material  on 
said  elastic  layer;  and 
resin  layer  formed  on  said  bonding  layer  by 
applying  resin  material  and  sintering  it.  20 

3.  A  member  according  to  claim  2,  wherein 
said  bonding  layer  contains  conductive  ma- 
terial. 

4.  A  member  according  to  claim  2  or  3, 
wherein  materials  of  said  resin  layer  and  the  25 
resin  material  contained  in  said  elastic  layer  and 
in  said  bonding  layer  are  the  same. 

5.  A  member  according  to  any  of  claims  2  to 
4,  wherein  the  resin  material  contained  in  said 
bonding  layer  is  fluorine  resin.  30 

6.  A  member  according  to  any  preceding 
claim,  wherein  said  elastic  layer  is  of  silicone 
rubber,  and  said  resin  layer  is  of  fluorine  resin. 

7.  A  member  according  to  claim  6,  wherein 
content  of  the  resin  material  in  said  elastic  layer  35 
is  5  -  30  %  by  weight  relative  to  100  %  silicone 
rubber. 

8.  A  member  according  to  any  preceding 
claim,  wherein  materials  of  said  resin  layer  and 
said  resin  material  in  said  elastic  layer  are  40 
fluorine  resin. 

9.  A  member  according  to  any  preceding 
claim,  wherein  materials  of  said  resin  layer  and 
said  resin  material  contained  in  said  elastic  layer 
are  the  same.  45 

10.  A  rotatable  member  for  image  fixing, 
comprising: 
a  first  elastic  layer; 
a  second  elastic  layer  on  said  first  elastic  layer 
and  containing  resin  material;  50 
a  resin  layer  formed  on  said  second  elastic  layer 
by  applying  resin  material  and  sintering  it. 

11.  A  member  according  to  claim  10,  wherein 
said  first  and  second  elastic  layers  are  of 
silicone  rubber,  and  said  resin  layer  is  of  fluorine  55 
resin  material. 

12.  A  member  according  to  claim  10  or  11, 
wherein  said  first  elastic  layer  has  a  better 
thermal  conductivity  than  said  second  elastic 
layer.  60 

13.  A  member  according  to  claim  12,  wherein 
said  first  elastic  layer  has  a  thermal  conductivity 
of  not  less  than  0.8x1  0-3  cal.cm/sec.cm2.°C, 
and  said  second  elastic  layer  has  a  thermal 
conductivity  of  not  more  than  0.4x1  0"3  cal.cm/  65 

sec.cm2.°C. 
14.  A  member  according  to  any  of  claims  10  to 

13,  wherein  said  first  elastic  layer  has  a 
thickness  di  which  is  larger  than  the  thickness 
d2  of  said  second  elastic  layer,  which  in  turn  is 
larger  than  the  thickness  d3  of  said  resin  layer. 

15.  A  member  according  to  claim  14,  wherein 
the  thicknesses  of  the  layers  satisfy 
di  >  2d2,  and  di  +  62  >  6d3. 

16.  A  member  according  to  claim  14  or  15, 
wherein  di  is  0.3  -  2.0  mm,  d2  is  0.05  -  0.5  mm, 
and  d3  is  5  -  35  microns. 

17.  A  member  according  to  claim  14  or  15, 
wherein  d  is  3  -  10  mm,  d2  is  0.01  -  0.5  mm,  and 
d3  is  5  -30  microns. 

18.  A  member  according  to  any  preceding 
claim,  wherein  particle  size  of  the  resin  material 
contained  in  said  elastic  layer  or  said  second 
elastic  layer  is  not  more  than  1  micron. 

19.  A  member  according  to  claim  18,  wherein 
particle  size  is  not  more  than  0.5  micron. 
20.  An  image  fixing  apparatus,  comprising  a 

couple  of  rotatable  members  forming  a  nip 
through  which  an  image  carrying  member 
carrying  an  unfixed  image  is  passed  to  fix  the 
image,  at  least  one  of  the  members  being  as 
claimed  in  any  preceding  claim. 
21.  An  apparatus  according  to  claim  20, 

wherein  said  one  of  the  members  is  that  one 
which  is  contactable  with  the  unfixed  image, 
and  further  comprising  means  for  heating  that 
member. 
22.  An  apparatus  according  to  claim  20, 

wherein  said  one  of  the  members  is  that  one  of 
which  is  not  contactable  with  the  unfixed  image. 
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